Introduction
In recent years, research in Human-Computer Interaction (HCI) and the design of Information and Communication Technologies (ICTs) has increasingly referred to the issue of cultural diversity. These works generally base the concept of culture on the broad idea of ways of living and thinking of groups of people, which pertains to various elements such as values, views, beliefs, or behaviors (e.g., Salgado et al. 2015; Merritt and Stolterman 2012) . Whatever is called "culture" is understood as a strong shaper of contexts that affect the outcomes of design, and where cultural diversity and difference among certain groups of individuals is considered both a challenge and an asset that can enrich the process of design (Salgado et al. 2015; He et al. 2015) .
These studies however face a specific challenge. Since Edward Tylor's seminal work in 1871, "culture", as a generic term to describe the ways of thinking and living of human beings, has become famous for being too broad a concept in many academic disciplines. Sometimes used to talk about high art or a cultivated person, in most cases the word refers to the notion of shared knowledge and what is specific to a group of people when it is compared to another group. For instance, one speaks about "French culture" as an entity perceived as different from "American culture" or "Arab culture". It is often linked with the issue of language (e.g., "French language" is part of "French culture"), but it is also used to refer to other kinds of shared knowledge, such as in "youth culture", "work culture", "drug culture", and so on. Intriguingly, it indeferently describes artefacts (e.g., a "book written in Arabic" contains "Arab culture") and human beings (e.g., a "French person" contains "French culture").
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The problem arises when one looks for a reliable definition. Indeed, after its initial birth as a scientific concept in the work of Tylor, scholars quickly found themselves fighting with an elusive object of study. More discussions and definitions followed, and the debate around the concept of culture became characterized as a systematic failure to reach a common ground. Among the most ambitious contributions in this regard, one can point out Kroeber and Kluckhohn's influential book (1952) , which reviewed and synthesized more than 160 definitions of culture, and the more recent attempt by Baldwin et al. (2006) to update the former, which has taken this exercise to over 300 definitions. To this day, no common agreement has been reached among specialists working on this topic. 1 Scholars interested in how cultural diversity can inform ICT design, probably influenced by research procedures in the natural sciences, have tended to focus on adopting or producing taxonomies to describe and evaluate their hypotheses (e.g., Kayan et al. 2006; Reinecke et al. 2013) . Following a similar path to their fellow anthropologists about a century ago, they are now faced with difficulties impossible to resolve, and new theoretical perspectives are attempting to deal with such difficulties by calling for more fluid and dynamic understandings of culture (e.g., Clemmensen and Roese 2010; Irani et al. 2010) .
In this article, we share the interest of fellow researchers about understanding the role of "culture" in HCI and design, particularly with the consequences of the propagation of online technology and its appropriation in contexts that can be considered as distant from the dominant usecase (e.g., geographically, economically, linguistically, or organizationally). In so doing, we contribute to the translation and integration of current perspectives into an approach for informing design.
Our position is grounded in Zimmermann's (2015) framework of waves and forms, which focuses on the materiality of expressions and interactions, and attends to the circulation of cultural elements among people and physical media (Zimmermann 2010 (Zimmermann , 2013 . Consequently, we pay special attention to the material manifestation and movement of cultural elements to render visible how humans and non-humans are involved in shaping and mediating their interactions. By drawing from this understanding of culture, which is both dynamic and grounded in concrete materiality, we aim at abandoning prior conceptions of culture to discover similarities and differences between groups of people and artifacts through inductive field research. We argue that this allows constructing a view on cultural difference that is both generative for design and unique to each case.
In the following paragraphs we start with a general overview of how HCI design deals with culture. In so doing, we classify current approaches in two major perspectives: a taxonomic perspective, that seeks the devising of general categories and classifications of cultural traits of certain predefined groups of people; and a contingent perspective, that views culture as dynamic and hybrid, often constructed through interaction. We subsequently describe how the waves and forms framework allows one to bridge the taxonomic and contingent perspectives. We illustrate our use of the framework with a case study of our engagement and design with VOCI, a local voluntary community of techsavvy university students in Syria between 2011 and 2015.
2 How HCI design deals with culture: two perspectives
A taxonomic perspective on culture
To account for the cultural, some scholars in HCI consider culture as associated with identifiable configurations of habits, mentalities or preferences. We will refer to these works as the "taxonomic perspective". Attempts to render human ways of living and thinking into a finite set of elements sorted into categories have a long history in human and social sciences, which goes back to the nineteenth century. By drawing on these lines, HCI scholars have been developing frameworks with the specific goal of informing design. Among the most popular models in this category of works is the framework conceived by Hofstede (1991) , which has been very influential in HCI research (Clemmensen and Roese 2010) . Based on interviewing IBM employees from 53 countries, Hofstede identified commonalities and patterns in what he defined as the attitudes, feelings, actions, and processes of meaning-making performed and experienced by individuals. He subsequently framed his findings in five dimensions of culture: collectivism vs. individualism, femininity vs. masculinity, long-vs. shortterm orientation, power distance and uncertainty avoidance.
Hofstede's framework is still frequently employed. For instance, in their study on cultural influences on mobile data service design, Choi et al. (2005) draw from the works of Hofstede (1980) and Hall (1976) to characterize culture with a set of dimensions: "uncertainty avoidance"-the degree of feeling threatened by ambiguity and the will to avoid it; "individualism vs. collectivism"-the extent to which people tend to their individual interests as opposed to their preference to live in tightly-knit social groups; "context"-the amount of reliance on shared context and conventions in communication, leading to the exchange of implicit messages when people communicate in "high-context" cultures, and of explicit messages in "low-context" cultures; and "time perception"-where people in "monochronic cultures" carry out a single task at a time, while people in "polychronic cultures" carry out several tasks at once concurrently. Based on qualitative interviews with Korean, Finnish and Japanese participants, the authors identify 52 technical attributes rated in terms of preference (for instance that 90% of both Korean and Japanese participants preferred having a variety of fonts, while 90% of Finnish participants didn't).
Another example can be found in Honold's (1999) work, which examines the effect of culture on learning how to use cellular phones. Basing her study on works from crosscultural psychology (including those of Hofstede and Hall) , she devises a set of cultural dimensions related to learning objectives. Relying on a deductive mode of research (a hypothesis followed by a demonstration), the author argues for instance that the group of Chinese users she selected mainly knew and used only the basic functions in their phones (thus confirming the influence of "pragmatism" in China), while the group of German users she selected often sought to thoroughly explore and learn about the various functions in their phones (thus confirming the influence of "idealism" in Germany). Following a similar thread, Marcus and Gould (2000) outline guidelines for web-based interface design for users from different countries. The authors take all five dimensions from Hofstede's work (1991) and generate a list of recommendations derived from each dimension to inform web-design. For instance, regarding "individualism vs. collectivism", the authors suggest that web interfaces would focus on the goals and experiences of the individual in "individualist cultures", while such interfaces would underplay personal achievement and focus on group achievement in "collectivist cultures".
Taxonomic views of culture have been increasingly criticized in the HCI community. While they fit well into experimental, quantifiable approaches to studying culture, they are accused of relying on an overly simplistic and essentialist view of "culture". For instance, Clemmensen and Roese (2010) describe as surprising the fact that most studies in the emerging area of culture and HCI depend on lab experiments instead of relying on ethnographic work and field studies. Such a perspective seems to assume that culture is contained within the participants, and that it accompanies them to the lab to be measured. Another related issue with this line of research is the tendency to assume that countries can be used as categories to define boundaries of cultures (e.g., France defines French culture, China defines Chinese culture, etc.). This type of assumption seeks national averages and it is then criticized for ignoring, almost by definition, contingencies and constructed, interactional and dynamic aspects (Clemmensen and Roese 2010; Irani et al. 2010; Jagne and Smith-Atakan 2006) .
A contingent perspective on culture
Typically defined in opposition to the aforementioned taxonomic views of culture as a potentially limited list of stable elements, another broad perspective among HCI scholars consists of looking at culture as dynamic, constructed, and interactional phenomena. We will refer to this second category of works as the "contingent perspective." This perspective usually calls for ways to achieve close encounters, empathy, and partnership between researchers and stakeholders that have an interest in design (e.g., Irani et al. 2010; Merritt and Stolterman 2012) . Irani et al. (2010) , for instance, in their work on postcolonial HCI, embark on a critique of the rigidity, timelessness, and averaging positions of taxonomic views of culture (particularly those of Hofstede and Hall) . They report that dimensions of taxonomic views have been found "analytically weak in explaining conflicts (Easterbrook et al. 1993) or difference in technology use (Ess and Sudweeks 2006 )", and that "'averages' are of limited use for design (Marsden et al. 2008 )". They further note that cultural categories which adopt geographical boundaries do not account for technologically enabled interactions that challenge these very boundaries as they facilitate cross-geographical communication and collaboration. Instead, the authors propose what they call a "generative" view inspired by contemporary anthropology and postcolonial studies where culture "is a lens through which people collectively encounter the world-a system of interpretive signification through which the world [becomes] inter-subjectively meaningful".
Another recent example is the short paper by Merritt and Stolterman (2012) , where the authors couple concerns regarding cross-cultural participatory design with the issue of balancing power. They push forward the notion of "cultural hybridity", from postcolonial studies, to account for the dynamic hybridization of culture and for the role of power and dominance in coining cultural identities. Based on the work of Baaz (2001) , the authors adopt a definition that challenges the view of culture as separate, bounded, or existent in a canonical or unspoiled state. Instead, they understand culture as situated, "negotiated, malleable, and intertwined with power relationships".
The main difficulty, when taking more aspects and dynamics into account, is to find oneself unable to say much beyond how complex and changing reality is. To still be able to do something concrete, Merritt and Stolerman introduce a set of practical recommendations to designers: to attend to "hybridity as pretexting"-the existing history of intercultural interactions; to consider "hybridity as unavoidable"-the formation and changing of hybrid cultural identities during the design process of both designers and participants; and to understand "hybridity as traversable"-the blending of cultural identities and the possibility for participants to move freely between these identities.
In a similar attempt to prescribe a concrete approach to account for culture in design, Jagne and Smith-Atakan (2006) advise designers against using existing cultural models-a practice which leads to sterotyping target markets (this, they point out, has the additional disadvantage of portraying designers or companies as ignorant and useless). They suggest that "researchers and designers should engage with the cultures directly, to get a better understanding of the indigenous people". The authors propose a methodology to design digital services guided by their real-world counterparts, thus envisioning digital designs as "metaphors" of offline spaces and activities (for instance, one can design an online shopping service targeted for a certain group of people by studying how these people shop on the street). This method involves four stages, which are reminiscent of classic design approaches: investigation (ethnography); translation of observations to draw a local model of practices, interactions and values; implementation; and testing. Here, like in the so-called generative perspective of Irani et al. (2010) , the focus is on the local and everyday interaction of users, and the understanding of what needs to be labeled as "cultural" is constructed within the study.
To sum up, HCI studies which we group under the label of a contingent perspective tend to view culture as something that is produced, reproduced and changed through everyday interactions rather than preserved unspoiled within ideal types. They also position culture across the interactions among individuals rather than embed it solely within the minds of those individuals. They acknowledge the multiplicity and hybridity of whatever is at stake, and they also reposition the designer within the research project as an actor seeking intervention while being involved in the intercultural encounter. This challenges the taxonomic view of culture sketched above, which tends to overlook hybridity, intervention and change-aspects that are actually central to designers' concerns as they seek change through technological innovation.
3 Waves and forms: bridging taxonomic and contingent perspectives on culture
The approach we propose here shares the concerns of both the taxonomic and the contingent perspectives on culture outlined above. It is based on a framework named waves and forms developed by Basile Zimmermann (2015) , the second author of this article. In short, the idea is to rely on materiality in the observations made by researchers. By focusing on a specific understanding of the physical world based on the notion of shape of matter, one can develop categories (in the spirit of the taxonomic perspective), while at the same time taking into account the subjectivity, the locality, and the dynamics of the data collected (in the spirit of the contingent perspective). However, unlike the taxonomic perspective, the categories that are built are specific to the group researchers are engaged with during the research, and they are based on observations rather than conceived a priori. Also, unlike the contingent perspective, it doesn't give up on building dichotomies and classes, but it attempts to connect them closely with the concrete stiuations motivating them as well as the actors deliniating their boundaries.
Zimmermann's perspective is inspired by theoretical frameworks in anthropology, area studies, and science and technology studies (STS). The waves and forms framework (WF) relies partly (but not only) on a positivist approach: "culture" can be dealt with if it is understood as in relation to material phenomena. It involves expressions and practices that are located in physical media (e.g., sound waves in the air; electrical signals along a wire; pigment molecules on paper sheets; movements of the human body; synaptic traces in a human brain), which are created, conserved, or dissipated as they circulate from one place to another. This view of culture is inspired by Zimmermann's fieldwork on electronic music in China, where he observed how electronic music records and software circulated from musicians and their studios in Europe, in Japan, and in the US, on various physical media and over the Internet, to the hands of musicians in China, where musicians remixed and repurposed them to produce new music (Zimmermann 2006 (Zimmermann , 2015 . Thus, a piece of culture, so to say, was created, then was conserved as it circulated from one site to another, shifted, took a new shape, and sometimes even disappeared. Along this movement many actors were involved, both humans and non-humans, and parts of this movement were traceable by investigating its material traces.
The WF framework is based on the generic notion of shape, and the idea that no qualitative observation is possible if there is no material trace left of the phenomenon of interest. The focus on shape is inspired by Zimmermann's observations of how sound can be transmitted to vinyl records where it becomes an inscribed, modulated spiral groove, as a way to describe the general transformations which matter goes through in time. Then it relies on the two more specific concepts of waves and forms. The term "wave" is used to describe the smallest level of shape that matter can take (e.g., what makes a dot on paper, a bit in a computer, or even the arrangements of electrons constituting that bit). Waves can be multiple (i.e., one wave can have multiple instances, which means it can be located simultaneously in different places at a same time), and they can be created, conserved while they circulate from one medium to another, or dissipated as they are added to or subtracted from each other. The term "form" describes an aggregate of waves that is identified by a human being (such as a word printed that one looks at on a sheet of paper or displayed on a screen; a sand castle made of grains of sand that we see on a beach; a song made of movements of air particles that we listen to, and so forth).
Culture then involves the circulation of forms, i.e., the aggregation of waves and their subjective interpretation by human beings, as the content of waves is being created, dissipated, or conserved while circulating on various media. Here, the notion of shape of matter is particularly crucial in that it implies (a) that a description of the cultural in the real world pertains to entities that are not unique but multiple and (b) that these entities can be created, dissipated, or conserved. For instance, a sentence in French or a specific pattern of behavior such as the habit for men to kiss to greet each other can be internalized by an individual in Beirut, by another individual in Paris, and at the same time written inside a book in Beijing. This sentence or that habit can circulate, be forgotten, erased, modified, or replaced as one individual teaches the sentence or the pattern to someone else, or pass away without doing so, or when the book is destroyed or copied.
WF has two main implications. First, locating culture in material phenomena implies that any observation of people, objects or processes must be closely related to a specific part of the real world (this is why the data cannot easily be generalized, because it cannot easily be separated from the piece of the real world it is based on). To remain accurate, any scientific attempt to deal with the notion of culture must explicitly state where, when, and how observations have been conducted. In short, since the data collected is based on unique pieces of physical matter, the research is in risk of losing its reliability every time its intimate connection with the physical world is not detailed enough.
2 Second, it requires attention to tracing and documenting processes of circulation with creation, conservation or dissipation of waves content across media to explain how expressions and practices are learned, encoded in the physical world, modified, or rendered obsolete.
By relying on the concepts of waves and forms, and on this understanding of materiality (i.e., a physical world made of unique matter particles which are used to create multiple shapes), we believe that it is possible to come up with a framework that takes advantage of both taxonomic and contingent perspectives. The taxonomic perspective is useful to discuss multiple instances of the same form (such as a similar musical structure included in different compositions, or a similar pattern of behavior among a group of people). It allows one to classify these forms in different categories. The contingent approach, on the other hand, is useful to discuss the dynamic changes of forms. How a form is created, conserved or dissipated, when it is located at various places or circulating from one place to another, at the same time or at different times, and how several instances of a form can be considered similar while remaining located on different physical entities.
In brief, WF accounts for the contingent and constructed status of practices by attending to the physical traces of human interactions and artefacts. It situates these traces in everyday interactions among people, the tools and technology they use, the materials they repurpose and the spaces they occupy. WF also deals with the difficult question that faces taxonomic views which tend to consider culture as something static, bounded and essentialized. Since it focuses on forms (aggregates of waves identified by human beings), it presupposes from the start a multiple, dynamic structure of reality, constructed subjectively.
The perspective we advocate here is not a fixed methodology or a recipe: waves and forms are mainly sensitizing concepts. They encourage taking an ontological position that welcomes contingency and calls attention to processes of formation and transformation rather than predefined categories. 3 In this sense, it is a sensibility which has methodological implications but that is "pluggable" in other frameworks. Specifically, and through adopting it in our own work, we think it goes along well with approaches that allow closeness to the field, its materials, and its actors and that enable gathering considerable empirical detail.
We will now illustrate our argument with a case study on VOCI, a local voluntary community in Syria which the first author observed in 2012-2014. Our goal is to show how one can approach design issues by combining the interest in applicability and concreteness from what we called the taxonomic perspective, and the interest in dynamic, negotiable and hybrid movements of culture from what we called the contingent perspective. To do so, we will demonstrate how WF may be integrated with (without being limited to) approaches which have already found steady footing in the fields of HCI and design: ethnography and participant observation, grounded theory (GT), and for STS, the actornetwork theory (ANT) and the social construction of technology (SCOT).
To do this, we elaborate on various aspects of our fieldwork in Syria, organizing our demonstration in three sections. We start with the broad context in the area at the time and its implications on voluntary community building. Then, we focus on those processes of community building and organization within VOCI, and on a specific situation of conflict between core members of the community. With this staged narrative, we want to show how WF can be used at multiple levels of reasoning about data. At each of the three levels, we start with a data-driven description while moving progressively to weave an analysis informed by the WF framework.
VOCI: a local voluntary community in Syria
In 2011, Ammar Halabi, the first author, engaged with VOCI, 4 a community composed mostly of student volunteers from the University of Damascus, for an ethnographic study to learn about the collective use of ICTs. VOCI members were mainly interested in new collaboration practices made possible by modern Internet technology, and collaborating with this community seemed appropriate for Halabi's nascent PhD project in HCI.
By conducting an ethnography along the lines of what Harry Collins (1984) coined as "participant comprehension", Halabi conversed with other members, followed online interactions, participated in moderation, and also contributed to the organization and realization of activities (including collaborative online authoring, sharing of resources, brainstorming for new activities, and discussing management practices). In a nutshell, from 2012 on, up to the time of writing these lines, Halabi has been active as a contributing member and moderator of VOCI. Between 2012 and 2014, he gathered the main body of observations and data, which we will discuss below.
Community building in modern-day Syria
To situate VOCI in a wider context, as well as to grasp what is particular about its members and their practices for an audience interested in reading about culture, we start by describing the situation in Syria around the time of their activity.
In late 2011, the uprising was in its early days, and there was much anticipation and excitement among the youth about the potential for shaping the future of Syria. This was evident in the great number of political initiatives, new coalitions, and a wide movement to learn about the country's recent history and to contribute to the political discourse and debates on the past and the future of the country. Progressively, the government stepped-up the use of military force, while various factions started to form armed rebel brigades, and Syria increasingly became a zone for regional and then international conflicts.
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With the violent turn in events and the escalating crisis, numerous humanitarian aid and relief groups formed in response. This proliferation of political, activist, and humanitarian grouping was paralleled with a strong online presence on social media (Salem and Mourtada 2011; Lynch et al. 2014; Halabi 2014 ; also, on problematizing the role of social media in the Syrian uprising, see; Wolfsfeld and Sheafer 2013) . In this wider context, the founders of VOCI started in 2011 to organize peer-based talks in Damascus, which rapidly became their core activity. During these meetings, community members typically introduced topics related to collaboration and technology, which they in turn discussed together (e.g., how to collaborate using GitHub, wiki platforms, open source hardware, or social media). Many members saw their participation in VOCI as an opportunity to get together, learn new skills, and enrich their personal and professional lives in ways that the university did not offer.
ICTs clearly had a specific impact on the unfolding of events, particularly in relation to ways of association and assembly, as access to civic institutions in Syria was restricted and the capacity to self-organize was stifled. In lines with the classical debate in social sciences around technological determinism, we don't believe that ICTs had a simple cause-and-effects role in Syria; 6 however, it seems obvious that prior to 2011, it was difficult for local initiatives, be they political or not, to gather and organize activities to serve common interests. The Syrian Law on Associations put various obstacles to free association, and the procedures to follow were tedious and lined with heavy scrutiny and control by the government and its security apparatus (see Bosman 2012; Syria Needs Analysis Project 2013). Furthermore, unannounced assemblies and ad hoc 5 It is impossible to do justice to the heavily charged and rapidly changing the Syrian situation in these few lines. On the socioeconomic roots of the Syrian crisis, see (Nasser et al. 2013; AbuIsmail et al. 2011) . For discussions that problematize the role of sect and religion, see (Berti and Paris 2014; Phillips 2015) . On the more recent involvement of multi-regional and international forces, see (Kinninmont 2014 ). An article by Max Fisher in the New York Times gives an accessible account on the recent situation as of August 2016: http://nyti.ms/2bnApQa, accessed on 04/10/2016. 6 For canonical discussions that go beyond the social constructivism and technological determinism, and which acknowledge the roles of people, meaning-making and social interactions, as well as technical and material structures, see the edited volume of Bijker et al. (1987) , and the introduction of Mackenzie and Wajcman (1999) . For recent overviews, see Sismondo (2010, Chaps. 6 and 9) and Wyatt (2008) .
forms of organization were restrained by the authorities who closely monitored public life.
7 This situation severely restricted the space for allowing people to come together and self-organize, while the new digital spaces, made possible with the gradual spread of ICTs since the early 2000s in Syria, were making it somewhat possible to gather, discuss and organize action in different ways. 8 VOCI's volunteers, moderators and active members included a few professionals (e.g., a teacher, a lawyer, a researcher); however most of them were university students in their late teens or early twenties. This was a significantly formative period of time for many of them. As young adults, they were establishing their character and voice, and as Syrians, they were witnessing a national crisis on an unprecedented scale. They attempted to understand what was happening around them, and their activities within VOCI can be seen as a way of doing something about the situation in Syria at that time. Active members in VOCI were often tech-savvy individuals, mostly coming with technical backgrounds, and many of them displayed an affinity to the ethical ideals of fairness and sharing that characterize open source movements. These members were among the first generation to grow into the recent proliferation of computers and the Internet in Syria. They wanted to contribute to shape their reality with the means they knew well, and which they were interested in exploring further.
VOCI members had access to various narratives through the Internet on how to organize collective activities. These included initiatives with idealistic goals: Wikipedia, which bore the promise of advancing knowledge through a pluralistic approach to authoring and sharing, or the Free Software movement that advocates for the right of unhindered access to viewing and modifying software source code. This discourse about ICTs was recognizable in the terms that active members were using while exchanging in their events, as well as in the content they were authoring and publishing about new ways of collaboration enabled by ICTs. In brief, VOCI members were involved in communicating, organizing and adapting ideas of collaboration through the Internet, and they actively reproduced them and published them online in Arabic. 7 Most reports on Syria's civic and public life point to the state's persecution of informal gatherings, mainly documenting cases of groups explicitly expressing political dissidence (e.g., Human Rights Watch 2007, 2010). According to Halabi's experience, this goes beyond such iconic cases and applies to lower-profile gatherings which can be perceived as bearing political undertones (for similar reasoning, see Halabi 2016, ch.1 and 2). 8 This dynamic started well before the uprising. Halabi had witnessed a number of local initiatives which exploited early internet forums to solve many practical issues for finding arenas necessary to interact. By the time of the uprising, Facebook was already becoming a widely-spread social platform, which further helped establish new arenas for communication and self-organization. VOCI members, including its core founders, but also the larger group of active members, appeared to us mostly cosmopolitan in their views and awareness, and at the same time interested in crafting a vision for local change in Syria through the potential of ICTs. To them, organizing a talk on the Open Hardware movement could empower local industry, and holding a workshop to learn working with Arduino would enable local communities to act in ways unseen before.
In their own words, VOCI's founders and moderators labeled their endeavor as a "community" ‫)مجتمع(‬ and often expressed criticism of "traditional institutions" ‫المؤسسات(‬ ‫.)التقليدية‬ In this sense, VOCI's self-labeling was close to the notion of community used in the works of Kavanaugh et al. (2005) and Carroll and Rosson (2006) . This notion refers to local geographical groups of members living in proximity, motivated by shared interests, with groupings that range from formal (e.g., local NGOs) to informal (e.g., book clubs), characterized by heterogeneous affiliations and roles when compared to corporations or governments, and by having no central authority. Here, as we describe the general situation of VOCI, the type of reasoning that we sketch is already inspired by waves and forms. Namely, it involves an attention to materiality and, most importantly, circulation (Zimmermann and Nova 2015) . In this description specifically, it allows us to discuss a form, in this case a practice or a pattern for controling civic self-organization, set up by the authorities in Syria, as being engraved in civic law and mechanisms of enforcement. This form circulates down to localities and translates to a lack of capacity to establish local interest groups.
10 At the same time, the spread of ICTs, planned by the authorities in an agenda for modernization, brings with it relatively unmoderated spaces for social interaction. This other form, which we deem distinct from the control of civic self-organization, also circulates down to localities and translates into a capacity to establish local interest groups. For instance, waves contents of what the Facebook developers in California were coding,-say, the structure of Facebook groups-, circulates over network connections and webservers, governed by internet protocols, and makes it 9 Of course, VOCI's understanding and realization of the term had its own nuances, and we attempt to take into account how its members established differentiated roles of authority, structured their organization, and engaged in processes of construction of fuzzy community boundaries (see Lamont and Molnár 2002 on a review on the study of boundaries in the social sciences). 10 An analysis based on waves and forms can have different degrees of detail. The link we describe here from the general situation in Syria to the use of ICTs to self-organize is coarse, and it certainly merits more attention to the minute detail of the circulation of forms and their waves content. Our study was mainly focused on interactions inside VOCI, hence the analysis coming next has a higher resolution. possible for many in Syria to create new areas of assembly and communication with different rules: they allow some degree of autonomy and avoidance of centralized control.
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In the next section, we elaborate on the relationship between the making of VOCI and the materiality of its activities. Specifically, we will consider how the moderators relied on ICTs to structure and govern the groups that they were in charge of. Our goal is to rely on this piece of data to show how WF can be used to construct the cultural, starting from the observations in situ towards the analysis and design.
Using ICTs to strongly organize in a weak state
By 2013, VOCI's overall membership base reached more than 5000 online members, including several hundred members who organized and attended on-ground meetings. Some of these activities included collaborative hardware making workshops, wiki-writing sessions, peer-based talks, and software development meetups. Along with on-ground meetings, members also used online tools to communicate, coordinate and collaborate. Since its establishment, VOCI had gradually grown in membership and diversified its scope, it had also differentiated into several interest subgroups: VOCI.Techie (on software development); VOCI.OH (on open source hardware); VOCI.Medicine (on new medical practices facilitated by modern Internet tools); and so on. In WF terms, each of these activities or each of these entities, as identified either by VOCI members or by our research team, is a form.
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11 It is important not to over simplify here and avoid assuming that online spaces are structureless or without rules. Instead, the rules of online interaction are different and depend on the platform(s) under question. There is an increasing public attention as well as a growing body of literature on how digital technology contributes to framing and governing everyday action (see for instance Woolgar and Neyland 2013; Neyland 2016; Ziewitz 2016) . 12 As we noted earlier, when using the WF framework we move freely between expressions and interactions as they circulate through people, media and physical objects. Therefore, we do not construct a distinction between what is material and what is not-in the WF perspective everything is material. This applies to our treatment of the digital, to which we do not assign a special category in this paper. The digital has enjoyed a number of discussions recently, with various positions on its materiality or other characterizations of its nature (such as "informational"). An attempt to sort out the different notions of materiality of the digital can be found in Leonardi (2010) . For a perspective on the digital as non-material, see Faulkner and Runde (2011) ; about the importance of accounting for the materiality of the digital and "modes of analysis grounded in the stuff of computing [emphasis by the author]", see Blanchette (2011) . For a similar perspective to ours, see the recent edited volume by Pink, Ardèvol, and Lanzeni, where the authors abandon "a priori definition about what is digital and what is material", and "prefer to understand digital materiality as a process, and as emergent, not as an end product or finished object." (2016, p. 10) .
One set of forms that Halabi became especially interested in was when VOCI members used ICTs to announce events, to discuss the organization of these events, and to share relevant resources. Facebook groups played an important role, but also custom wikis were used as collaborative documents to write articles in Arabic or to coordinate various projects, as well as private messaging which was often used to discuss organization (mainly over email, Facebook, and text chat). Among these tools, Facebook clearly served as a central node where content and discussions made onground or online on other platforms were aggregated and referred to.
Let's examine one specific form, in this case a set of practices that VOCI moderators established gradually to organize their activities. As VOCI evolved, and as members diversified their interests and created multiple groups, subgroups in VOCI grew in size (e.g., the VOCI.OH group eventually hosted over 3000 online members). With this development, it became necessary for the moderators to establish a parallel space to discuss organization. For this purpose, the moderators of VOCI.OH created a private Facebook group (a "meta-space", see Halabi et al. 2013) , where they could brainstorm, deliberate on choosing and refining activity ideas, and then coordinate practical tasks (e.g., preparing the content of a talk; listing possible hardware projects for a workshop; or designing a poster to announce the event).
In WF terms, these observations describe how waves content circulated between Facebook, the Internet, computer hardware and VOCI members. We view such interactions as: (1) a feature that was latent within the material properties of Facebook, but also (2) as a pattern of interaction created by VOCI moderators when they explored and enacted the technical feature as the need arose. In WF's perspective, this pattern of interaction is a new form in VOCI that is noted by our research team as we observed the moderators' management activities. With time, and after successfully experimenting with meta-groups, this form circulated through moderators who helped other moderators in other VOCI sub-groups, who in turn ended up creating a meta-group on Facebook for each subgroup in VOCI.
The discussion we sketch here is a small snippet of what can be unpacked about VOCI's activities and their entanglement with the materiality of infrastructure and people using it.
13 To further our argument on approaching cultural issues for design, we will now focus on a specific episode in the life of VOCI. We briefly present a part of our study about a conflict that occurred between the founders and moderators of VOCI between 2012 and 2013. 
Conflict in VOCI
In November 2012, a post on VOCI's main Facebook page announced that nine core moderators 15 were forming a new "management team" to officially represent the community. The announcement emphasized a forthcoming exciting initiative to establish a hackerspace that would function as a permanent space, representing a physical manifestation of VOCI's collaborative vision and practices. To the surprise of many members, this new management team neither included nor mentioned Salem, 16 who was one of the three main founders of VOCI in 2011 and one of the community's active figures. Later within the same day, in bewilderment and shock, Salem protested that he had been blocked from all digital spaces that belonged to VOCI (its Facebook groups, online social media accounts, blog accounts, and website hosting services).
As VOCI members quickly understood, Salem had been excluded from the community's main digital platforms. In response to the increasing questions from members, the management team eventually announced their reasons for excluding Salem a few days later on VOCI's main Facebook page. Their argument focused on two aspects. First, they believed that Salem was taking decisions about organization and activity in the community without due consultation with other moderators. Second, they argued that Salem had been obstructing the hackerspace initiative, which they considered central to VOCI's future development. Consequently, justifying their action by what they considered Salem's previous history in publicly inflaming discussions when confronted, they decided to block him out of all VOCI's digital spaces. They demoted his status on the Facebook groups from admin to an ordinary member, blocked him, and changed the passwords to the website hosting service.
14 Above we noted the processes of organizing and constructing community boundaries, but the notion of "community" merits further problematization. Importantly for us, referring to a group as "community" might implicitly conceive it as a positive category (Averweg and Leaning 2011) , which tends to consider communities as homogeneous and characterized by common will, and overlooks issues of conflict and power (Goodwin 2008; Carroll 2001) . 15 Community moderators were those most active and present in its events and those who mainly contributed to decisions and management. Their number ranged between 10 and 15 during the life of VOCI, and they were members who knew each other personally and professionally in the university and in everyday life. 16 Fictitious name.
A few days later, VOCI members noticed that despite Salem's digital suspension, the management team had overlooked a technical aspect of their online activities: since Salem was the one paying for the registration of their domain names and for maintaining their website hosting service, he had the means to prove to the corresponding technical support that he was the legal owner. Salem did not wait long. Within a week, he managed to regain access and control of VOCI's websites and domain names. This time, it was his turn to change the passwords and to block the new management team out. At that moment, VOCI's online spaces were split into two different entities: the management team controlled the Facebook groups and social media accounts, and Salem controlled VOCI's website and the related domain names.
The conflict in VOCI, which continued long after this first episode, involves many other aspects which we do not discuss here. For instance, members had different points of view and reactions. Many wished to find a resolution to this issue, and the attempts to mediate between Salem and the new management team, or the consequences of this conflict in terms of stagnating activity and exhausting those involved, were numerous. 17 However, this brief summary is sufficient to illustrate how emergent cultural issues can be analyzed on the basis of this type of observations.
In VOCI, each side blocked the other out of a part of the digital spaces that they occupied, controlled and shared. First Salem was blocked from the websites and online groups by the new management team, then he managed to block them from accessing the websites. We also noted earlier that community members had developed their own practices in management over time. In this regard, we can say that up until the moment of the conflict, blocking was not a conventional practice among VOCI moderators. Blocking is a specific practice -in WF terms it is a form that consists of a new pattern of management in VOCI that the new team of moderators created at a certain moment; when they deemed that Salem should not be kept as a moderator and an administrator in VOCI.
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In a similar way to the practice that VOCI moderators developed in creating meta-spaces for coordinating subgroups, the actions that the management team took to block Salem out of VOCI's digital spaces, by changing admin privileges and passwords, were latent within the design of the technology. These features were enacted when the management team saw suitable. Similarly, Salem's subsequent takeover of the websites was also a latent possibility in the ICT infrastructure that he utilized as he struggled to regain control. In other words, these actions were embedded in the technology, as they were made possible by features embedded in the various digital platforms. For instance, on Facebook, group settings allowed demoting an admin and blocking him or her out, and similarly, a specific feature in the ICT infrastructure admitted only one user as an owner of a domain name and therefore made it possible for Salem to take control of VOCI's websites. Could this situation be envisioned differently?
Using waves and forms to inform design
Design is about the future. Moving towards design is a matter of framing a tension between a present state and a desired one. It is also about framing an intention to change the status quo towards what is envisioned in an attempt to resolve the tension. In other words, design does not automatically follow from some understanding of a phenomenon, but it is necessarily associated with the subjective interests and evaluation of the actors involved, including designers. Design is an endeavor of an interested (and potentially multiple) self. 19 To tease the tension we are interested in from our WForiented analysis of VOCI's case, we look at the circulation of forms across various human and non-human entities, and we ask the following question: what happens when a design element of the Internet infrastructure -an aggregate of waves-circulates through communication infrastructure, computing devices and people, and gets appropriated by local voluntary communities in Syria? In the account above, and by attending to the design of digital tools, we elaborated on two dynamics about how ICTs relate to local practices. The first involves enabling alternative spaces for grassroots initiatives to organize (the form we outlined here is "to allow relatively unmoderated spaces for gathering and self-organization"), where the cultural that we highlight in the case of the VOCI community relates to a prolonged lack of capacity to self-organize in Syria, contrasted with the local appropriation of ICTs to construct alternative spaces. 20 The second is characterized by the implications of a specific design element on shaping conflict in the local community (the form we outlined here is: "to allow any single user to control all access"). In other words, the cultural that emerges in these two examples is less related to the distinction between, say, "western" and "Syrian", as much as it relates to the tension between the "global design and governance of the Internet and applications running on it" and "the functioning of a local voluntary community in Damascus". This tension is our design point of departure.
In the main study from which these snippets of VOCI's case are taken, we discuss in detail the viability of options and features available on Internet infrastructures to support managing shared ownership. We examined the potential of using ICTs for organization in grassroots initiatives, while at the same time we recognized the limitation of options available for managing shared ownership in a context with weak legal support for civic institutions. In response, we explored design alternatives for modes of ownership that make blocking less feasible and promote alternative negotiation mechanisms.
This led us to the concept of Modus, a collaborative platform that enables sharing and management of shared digital assets with specific attention to cases of breakdown and conflict (see Halabi 2016, ch. 8) . In a nutshell, Modus is an attempt to delegate the responsibility of ownership management to the group founders and moderators in a way different from what existing implementations of digital ownership for the World Wide Web currently allow. Upon starting a new community such as VOCI, group members can rely on Modus to decide on which kind of governance they want to embed in the tools. For instance, they can adjust Modus parameters so that an administrator would not have the power to remove another administrator against that person's will. Or, Modus can impose physically on the level of the ICT infrastructure that a new administrator will gain administrator's privilege only once all the other administrators have approved adding her or him. In other words, a legal, peer-based type of management is embedded in Modus and it is activated through the software platform's physical infrastructure. In the presence of Modus, many aspects of VOCI's conflict described above would not be possible, and a different pattern of interaction would have to take place.
To initiate a conversation on different modes of ownership and governance, we created an early prototype of Modus and shared it with community members and moderators of VOCI, as well as a test group of students from the University of Fribourg in Switzerland. This provoked diverse views on how various accounts should be owned and how disputes should be settled. We then consolidated those views and implemented an interactive prototype. 21 In brief, these features introduce a mode of peer-validation through discussion and voting when managing digital assets such as domain names, website hosting accounts, and social media accounts (Fig. 1) .
In a research project such as Modus, the WF framework enabled us to think of the various constraints imposed on and enforced by VOCI members as forms circulating from the US to Syria, and from Damascus to Europe (where Salem was based at the moment when the conflict occurred), being created, conserved, or dissipated along the way. Relying on such a dynamic perspective, we considered several routes of design that contributed to shaping Modus, such as governing ownership through network protocols (see Musiani 2016) , developing alternative social networks with different rules of operation (see Narayanan et al. 2012) , creating new communication tools that facilitate online negotiation (e.g., Vlachokyriakos et al. 2014) , or crafting other legal means that guarantee shared ownership rights (we explored how Modus could run as a non-profit association based in Switzerland). Most of these aspects in 6 Discussion and conclusion
In this paper, we show how the WF framework provides a refreshing view on the difficulties raised by the fuzziness of the concept of culture in social sciences. We discussed how WF bridges between taxonomic and contingent perspectives of culture in HCI research. WF allows the construction of cultural categories to inform design, but it also takes into account the dynamic, generative and hybrid aspects of culture and the locality and volatility of the categories constructed.
We have shown how the cultural in design is to be constructed for each case and through serious engagement with the field and the people. In this regard, the WF perspective is especially helpful in making invisible issues more visible, as it argues that "[c]ultural means shaped"; technical objects are not neutral entities but always "embody information, choices, values, assumptions, or even mistakes that designers have voluntarily or involuntarily embedded in the technology" (Zimmermann 2015, p. 3, 222) .
In the case study of VOCI described above, we have framed two main themes. The first one concerns the context and ways that community building happens in modernday Syria. This theme is close to the common orientation to understanding culture as related to the specific ways of thinking and living of this community (in this case, invoking an understanding of "authoritarian culture" brought forth by the state and the distribution of power). The Fig. 1 Modus as used by moderators to manage shared digital assets. Note that all actions indicated inside the orange box representing Modus are regulated by a peer-based decisionmaking process that involves voting and deliberation. Source: Halabi (2016) second theme that we framed concerns how voluntary communities in general use ICTs to govern their activities in a situation of a major disagreement between core members. Here we didn't note a form that we would describe as a traditional habit, belief, or value that would be attached to a common pool of knowledge or know-how of Syria's inhabitants. In some sense, this is not a surprise, since VOCI members were cultural nomads, tech-savvy, young and cosmopolitan in their outlook.
We argue that the analysis remains in both themes culturally sensitive, even when, especially in the second theme, the issue of conflict and the role of technology do not immediately subscribe to culture in what is sometimes called the anthropological sense of the term (i.e., with a focus on the habits, beliefs, or values shared by a group of people). We have thus, purposely avoided defining "Syrian culture", and decided to focus on general processes of transformation and becoming. The reason for doing so is that we take the cultural to be established locally, in the frame of the study and the interests of the actors involved, and only through close contact with physical data. With this view, one might as well ask here if the category of culture is needed at all in design. Indeed, it seems possible, maybe even desirable, to achieve culturally sensitive design without resorting to the label "culture", as long as the design effort is based on categories grounded in patterns observed in the field and its actors.
This contrasts with the position of taxonomic views of culture in HCI and design research. In such studies, potentially motivated by corporate management, marketing interests, or an inclination towards generalizability, it makes sense to segment observations and to characterize them by measurable preferences. We understand these concerns, but we suggest that such interests should be made clear from the start, and defined methodologically with more grounded terms (such as "national average"), rather than analytically unstable categories (such as "Korean culture"), to preserve an understanding of culture as the dynamic circulation of forms. We believe that if one adopts a notion and scope of culture such as "western culture" vs. "Syrian culture", one risks missing the particularity of issues such as the ones we faced in VOCI. This could potentially steer the attention of our work to directions that are not relevant to the actors with whom we engaged.
Consequently, using the WF framework in HCI research is both simple and complex. Simple, as the goal is to abandon categorizations of culture at the beginning and to commit to the case at hand. Complex, because then the work involved to devise a notion of the cultural becomes openended. Indeed, the various aspects highlighted by the waves and forms framework depend on the goals, interests, and circumstances of each research. In the case of VOCI illustrated above, we could have easily expanded the analysis further. For instance, we could have compared it to other cases in other communities, and then end up with an issue of ownership and conflict relevant in a wide array of cases. In that case we would speak of a certain cultural feature-a form-that is present in various communities that use the Internet. 22 Or, on the contrary, if we had found that VOCI's case was particular to its members, we would have framed it as a form specific to that group of people.
Regarding the scope of WF, and since it involves an ontological position, it is visible in the case we present at various moments during the research: in gathering data while attending to movements of forms, in analyzing the data with the same sensibility, and in writing an account where such dynamics are made visible. Seen this way, the methodological implications of the ontological position in WF involve groundedness in data; attention to processes, temporality, and change; and analytical techniques that are sensitive to similarities and differences. 23 Furthermore, while WF puts primary focus on materiality and circulation of cultural forms, it invites integrating with approaches that prioritize processes of meaning-making through social interaction. WF stresses accounting for the subjectivity of interpretation of forms, recognizing that cultural categories are performed through our engagement with other stakeholders, their interests and ours, and hence those actors at work should be explicated in the account. This cannot be achieved, at least with our current research capacities, by a pure and singular focus on material dynamics. We need tools to account for subjectivity and interests, to achieve empathy with the actors, improve the reflexivity of the researcher, or discuss ethics or responsibility of research.
We therefore see the strength of WF in that it brings a sensibility, mainly through the understanding of the physical world that it provides. It adds up to other approaches by shifting the lens, from attending to interactions, expressions and meaning-making among people, towards the material dynamics of these processes. This shift between analytical focuses and integration of the biographies of people as well as objects and material movements enriches the analysis, and encourages firm and concrete grounding for the cultural categories we construct.
In many ways, the WF framework helps researchers attend to mundane details of expressions and practices which are often overlooked. It has been recognized that with the multilayeredness of technological systems, it becomes necessary to rely on technical infrastructures (e.g., Facebook, or the Internet domain name system in the case of VOCI); a base on which community activities and technologies operate. Such infrastructures become often embedded in various arrangements, invisible, yet carry certain inertia and a capacity to shape practices in the conventions and standards they embody (Star and Ruhleder 1996; Star 1999) . WF emphasizes the researcher's role in providing an account of such material structures to render explicit their role in framing interaction (such as the way Internet tools frame modes of ownership and conflict in our case), thus countering the tendency of infrastructure to disappear in the background (see the notion of "infrastructural inversion", Bowker 1994; Star and Bowker 2006) . This sensibility of the WF framework, a quality that comes from its roots in STS, is crucial in the context of design research, for otherwise technical aspects of human interactions that relate to infrastructure tend to become confused or taken for granted.
In our view, the specificity of WF is that it provides a new perspective on materiality. By looking at expressions and practices as aggregates of waves, traveling through people's bodies and brains, through buildings and institutions, through documents and digital technologies, and so forth, cultural issues do not become more simple or reified, but they become clearer and easier to trace.
